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(54) VOLTAGE GENERATION CIRCUIT 

(57)Abstract: 

PURPOSE: To obtain a voltage generation circuit which consumes a less 
amount of power by providing such a clamp circuit that the electric 
resistance between the circuit and an earth voltage node becomes 
smaller when the voltage at a voltage output node becomes higher than 
the clamping level of the clamp circuit. 

CONSTITUTION: A clamp circuit 130 is constituted of p-channel MOS 
transistors I30a-I30f diode-connected in series between a voltage output 
node 100a and earth voltage node 100c and outputs the gate potential V5 ^ 
of a p-channel MOS transistor 1 10g in a high-voltage detection circuit 
110 from a node I30g to which the transistors 1 30b and 130c are 
connected. The gate potential V5 becomes VPP-&verbar;V1 6&verbar;- 
&verbar;V1 7&verbar; when a high voltage VPP is lower than the clamping 
level VCL of the circuit 130, but is maintained at 

&verbar;V1 8&Gt;+&Gt;V1 9&Gt;+&Gt;V1 1 0&Gt;+&Gt;V1 1 1 &Gt; when the 
voltage VPP once reaches or exceeds the clamping level VCL. Therefore, 
the power consumption of this voltage generation circuit can be reduced, 
since a charge pump circuit does not make charge-pumping operations 
while the circuit 130 performs clamping operations. 
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too ; •£ ££±l3ff& 



1 

CllJftflll] «jR«£E**JBl©*£E«J«K:**t*, 
1 ©*JEfB*«tt)t>K^JB2©*£E«*fc*-5t#tt3f 

t ±?zmmm ts y — k t ±iB»ife«jE y - k t ©H©i» 

5£«J£ £&-£>*&! U^;i/«t 0 fe«JEttS^7 7 — K ©^EE;^ 

jifB^EEffi^j y - k t&tsm&tffttafs n*«»«E y 
t Jiis«ffi ta * y - k i -Lte&i&sji y - k t © m <nm 

CO 0 0 1 ] 
[0 0 0 2] 

[tfcfcO&ffi] B12ttt£#©*flE»±lHlIfr**l,Ti3 4 

U COfljgttBEVcc J:0fcii5l/^«£EV,, ^«£Effl^7 
y— KlOatCfcB^-f •5!sIi8T&-5« > 012fC*ViTllttC 
©«JE%£®SS10^Sffi;>j£n-5ig^i/EV f , C 
OB«EV,,*«Vcc + 2 | V,, | (V.ptep^r^M 
OS N^>i?X^O|33ffl^flE) iOfeiV^iHW 
(H«Vec) t £ffi;>JT-5iSSJE**Q 
Elf&T. it5«£EV rr ^ffi^$n^«JE{ii*y-K10a t 

y-h'iia towc»«sn&^-f 



2 ) W6-2 1 7 5 2 8 

2 

ffiVcc*«*A&ft<5«SMlBE/-t*10b fcattSn-Sp 
*;PMOS b?>>>X?Uc <t, y-h*lla tgiffe 
«£E*i-^-A^n^}gifi«JEy-h'10c tOMK:tt«S 

t^MOS h^>vX^lld y— Klla t*»m 

7) J ffl^$n§*aft^ai^y-Hiif t©ni:8 

ttSftfc'f >A*-*lle *6i*SnTtJS. 

[0 0 0 3] 12ttM«ffiVcc*3ttTB»U S5«BE 
tt*IIIH»lli&> CO*»m^<i> 
10 . WHWOVT&Z, tHl"<)\> (V cc ) <tLL"^)l/ (g? 

«s«ff) t©w©ajfcs?-* (VeeJs*T*i8-ra) * 

4 1 c a y *„ * l l"<;n:HJrr« U >jf 
^-vlx-^IUS&T. — ^<OA^*t»»fl|*ffl*y— Kll 
f »CSi^Snfc2 A#NANDI§Jf8l2a t, C©NAN 

Dim?§i2a ©ta^tfts^roA^torafciejijfcSiK^n 

fc-f>A*— ^12b , 12c -f >A— ^12c (DlHtltif 
e tcor^f:S^$nfcf >A*-^12d *^«j*$tlTVi 

20 

[0004] nwj >tr*is\s— *mmift uy 

Sitli (1 + k) V t c-2V,„ (ktt^/f^lSe 
V>13 V„lin?t*MOS N^>:x7. 

^©Bgffi«JE) ©it5«JEV PP KlOa Kffl 

^^>j6-2> k^-taisisst, fny zmn\ht>; — vnz 

ty-h*13a IB 8MB snfc-f >A*-^13b 

. i3c t. y-Ki3a ty-Ki3d tozmzmmzti 

50 fe^-^A-v-^l3e m^mffiy-KlOb iy-K13d 
-^^13f fc, y-K13d <h«ffiaj^y-h*10a i©ffl 

13g *^«^SnTV^-5. 

[o o o 5] i4««£Eaj^y-Kioa t.mm.mj-Y 

10c (fcCMKSfcttSft, «BEffl^y-H©«ffiV,,*i6 
. I V le I *S^StC©«JEfctl^y-H10a <hS?ife«13E 

y-Kioc i:*aias-a-. «£Et±i^y- Kioa ©mjEv 

0 rt &6 I V le I (C^7>7 p T-5/cfe©^7>7 F lHl?§T, 

«jEtu^y-h*ioa tmwniz;- kioc t©p^na?ij 

pftMMOS h7>^7.^14a . 14b . 14c . 14d 
. 14e . 14f a>&#Wi$nT^5. 
[0 0 0.6] *fC£t±©±5fc«|j«**l*:fl!*©«EE5B 

i!i«JEVcc pftWMOS h?>i?X?Ub . 11 
c ©SSM«JE©?D©*g*fM2 | V,, | «A/X^ttttU<^ 
;UV cc + 2 | V,, | J:-Dfi«riU'^K**t*«, co 

pft^Mos h^>^x^iib , lie ntbizitm 



( 3 ) 



3 

«c iz nmm& v c e * s ttT#i$i8a#ig t^ows 

fcft, y — Klla ©«JEE«&i6teEE<fcfcO. Z\<n J — K 
11a ©«£E*gJj-S-f >A-*lle t»ftftMI4t4>, £H 
(Vcc) <tT-5c COftttf^*! £:§ 

K^-f;N*lHl?S131i::cr)i7D^i7^</) e , £ 

<75 ^ d v z <t> c P a«»tt«Ea> & v. e t as ±*j* 

<hy— K 13d (DttJEEttn^-v^JUMOS N^>>?X^13 
f I: J: Ogtl'^tlJEVcc <fc OfcdOnft^MO S 
h^>^^^13f ©IS8fi«ffiV,.^/u<£HU^;UVcc - 
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^•ICctD 2 Vcc -V,,OKMT±#LJ:5tT5„ 
[0 0 0 7] ?D-^f^*„*SiItEv tt * 
^>S16«EE'\<hfi:*.T*^i^^>'N'->^13e ©$*£•& 
tc^O y-K13d ©«EttV t . - V, . ^TfCft^ o tt 
-to^Sinft^JI'MOS h^>v J 7.^13f & 
^ilbxy— Ki3d *sv cc -v,„©i^;i^-F5te«2*i 

/-K13d ©*ffittVcc-V,.t*:S. 
T. K^-f Affl N5>> 5 X^13g «y — F13d 
«EEffi^y— h*10a ©«J£V PP #>£,<!© K^-fAV?! 
>^7>^13g OWtt*BEV ll ^tfi^«BE«tt3*t»ta| 
iiL. 4£^i:#iga£:fc£fcJ6, K7-f;N*lHl?Sl3««flE 
ffl^y— KlOa ©«j£V PP £2 Vcc -2 V,„^T#ffi-r 
5fg#£:WLTV>2>. I_.#>U V, , # V c c + 2 | V,, | 
pft^MOS h?>> J X^llb , 11c 
A J *il/Ty- Klla ^HU^.)ltf3.<0. ZtlZglfZ 
-r>A*-^lle ttttftHI*}*, 

[0 0 0 8] nt, £<0*»«^<fr, £gtfTU>£f 
^|eiS§12(r*3^-5NAND|H]?§12a teHl^;U 
(Vcc) ©«-^££ti;>jU £©'J >^*->U— ^02812 

a^ta^n-s^ d v <t> c , «l i/^juchft o » k 
*>^i»^*#jfc-r*fc«&, mEEftjj;- Kioa ©«je 

V,,«Vcc + 2 | V,, | Kftfcnfcdtfcfc*. 
^JEiti^;/- KlOa ©«EV rf af6 | V,, | 

-^^Ha — 14f ^#a^<h^ECi«JEffi^y- KlOa 
t««!«ffiy-K10c »**abT«ffiV, t *«6 I V,« I 

[0 0 0 9] 

r*fi****L/J:5fr<5«lH] B13ttH12fi:3SS*i;fc 
«£E5fi^0i»lO©«iK«flEVcc -MBEV,,#tt**b 
fc0T*^)o Bl3fc*HT\ (a) «^©«£E^*I5ig§10 
3&»ffl*Tf**«ffi*«-rtf[|(lT2Vce-2V,.. (b) it 



^rfcU^LTU >tfHr s yV— fncD^MWlft 

.. I . (c) «^^>7 f Ih1?§14©^5>7 p I/^;UT 6 | V 

^i5l:v«,#ifi4ffflu K«JEV PP «v„, (=v e , 
+ 2 I v,, I ) tft^nss. 

[0 0 10] a#, ¥^#gS«iSi&, SSftMUffiTT 

ffVcctt013fr*-rJ:-5iCVcc>V c ,©|g^fcffiffl$tl 

»±W***f **»t^'5 i, SmJEV,,,3:5'^>-yi5ig§ 
14{'«J;I9 6 |V,. | lZ>77>72tl, ^ttU^;PVcc + 
2 I V,, | «fcDfcfiU©Ti*«fiE*4n@ttllttHl^;U 

20 Igb^tt, K5-f AE!§13«5 1 -v-v^>-7 F «j^^L^ 
ttTmiEUl^y— KlOa ©«flEV PP £££,r;:±#£-t*,£ 
^tt^-^T, *5>:?@»14tt«flEaj;>7/-|410a 
<hSMft«BEy-K10c «flEW*/-KlOa 

-KlOa 0«EEV, r ©±#*Kr2T-5i:LT« P »*tt«K:* 

[0011] Z\<D£o\Z. ^l/^MJVcc + 2 I V,, 
I THjK«JEV CC rCfic??U i'7>7 f ^M6 I V lt 
I Tf«««flEV ce Ktt#-e-r-SttfcJ&, «M«BEVcc 
30 *»K^Vec>V,,OflB«TttV e( + 2 I V,, | >6 | V 
.« I tat). A@8Sl3ttV PP 4±#$ii-j;5 
5— ^FT, ^5>^laISSl4rimflEtK^y- KlOa 
l*®flEy— KlOc r^mSK^SiEU, c:©«jim^y- KIO 
a 0«£EV, F o±#*B&2r5fr*«IB. 0*0, ^-^ 
- 5?jH t ^ 7 >7 r ft^*iraB#fcjg C -5 ttfgAt^ 

[0 0 12] C<05BWtt±Ebfcj«lC«*TttSnfct) 

40 £?7>zf&mmmizmz\2,<D&&j\,^ mmmtxD 
'bzt£ni£ft§z\Bi&&nzz\tiz$>z> a 

[0 0 13] 

[SiSSrSP^-r-Sfc*©^©] Z\(D5£m<DWil<D%WlZ 

t€r, i&mnEE<D±mzfc®VTisi<ts:o> nmnEEtf 

% 1 ©«EE^«J; D t>*HJg 2 ©*£E*«K»* <h^« 
Bf««£EtA*lftttU^J:*) fe«EEai^y- K©H£E 

«S«JES:§^T«[l&b, Z(D1& 
50 »m^Hi ©l/^;PTafe-5<ti|EEffl^y- K,r«ii« 



( • 

5 

ttJ ft y - K £ SS6«JE^ffiJq s y - k £ © 

f v >~? i"ov>& k> ±>m< &* tn&mti y - k 

£ »«I «E y - K £ © M ©*«S*ta*/h 3 < -5 ? 7 > 

[0 0 14] ^©f5W«5«2<05BWte«4«£E**llB 

±*KJfc*l/Tft<£B, *ME0*)l 1 OMtEEMtJ: 
0t>WV»JB2©mEE««K:*St*ttBffi«EEt*:-5lft 1 

^Tftftt^JEa^y — KK:a!»«JEJ:0t>ftt»«£E 

*m*"rs5 i i'-^Ji«>^ia», «EEtfi#y-i«iSMfi 

«£E**BUPSn4»*l!l«£Ey— KtonBK*H*tl, « 

"UP J: 0 *><K < £ mJEttJ * y — K i StifeWE y - K 
tOBCWKBW** < ft* * 5 ^BJ&fcfcAfc'b 
©T&£>„ 2C 
[0 0 15] 

[f^ffl] £©fS9I©S£l ©fg^fC-fe^Ttt. «iS«EE** 

mzmvT i-R-rzifi. mmMEE.t^h\z±.^x^2 

<T>Q&ffi$.\Z\$.^2> ii. C©^2co«JE««tTtt^U 

^m-E^e^s t^aiHi?§«^«^*^ 1 © 

r©«jBEffi*y-h*©mffi«^ftiu^;nci3tt-5^« 30 
JIJ; 0 •&ffi<^7>:/l'"<;i/ck 0 fc<£t^i/^;i/£ftcu 
* 7 >7M&T°\tmi£mti y — k t^ite«£Ey - k t © 

*lfc«fc-?>, — 5>#>:/IIII&a*«ffitfI2;y-K»;:«E 
y- K tSMMtEEy- K £©«il££i£/]^ < LTSJE 

[0016] z.<D&wcom2(D%mz&^Ti$. nrnm 40 

S&2©®jEffi*£K:te^££, £©8S2©«JE««Ttt# 
»U^;W«»f€«EEta:0. «JEiti*y-h*©«JE^C: 
©ifrJ£«E«fc Offi< fc* £&*0!H]?gtttfe2D{f^£3! 1 © 

i^;i/fr-5©£^>«eK ^n^stf-c^r-v^:/® 
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6 

mffi y - H 6 «EEffl * y - K 'vfJS t Ay if «SK««En 
fc<^. iltUciO. ^ J f--^>7 f lHlggAt||BEai^y- 

«ffffl*y-h*t»*«£Ey-Kt©wii»jt*/j\ar< 
b ts «s«je y - h a^s mjE tB ti y - k a. t mm * m v 

[0 0 17] 

immm) mmmi. £j>T\zz\<z>ftm<Dmmmi-c$>z> 

} «E58£lUBrCtH>T\ 13 1 f'ScfViTSi^T'Sc 01 
K*u>T\ 100 tt*S«EV,c£3ttTB»U ii^ift 
^ttC:©«jlS«JEVcc ('©H5I^JTttii#t!j^Bt3. 

3v> «fcot>*irswmffiVr, (a«»f^Nf4. 7v> £«Eiti 
*y-Kiooateta*r*iais-c*4. 110 «;r©«Efg 

£[§12§100 #>&«Effl#y- KlOOaKffi^ti-SiftSftE 
V»4ftt. **«BEVce**JBl©«ffiiR«T**Vc€ 
<V, (d©HSg#jTttVcc<3. 9V) c 
©ffi«JEV,,a«tfc&^;UT&5V llI =Vcc+ I V,, I 
+ |V,,| (V,,, V^ttpft^MOSh?^ 
^ 1 10b. llOc©IW««ET~©||JS0!|-m£*>f;:-O. 7 
V) iOfefiHt*, *«t««»«ffiVeca**2©«£E 
<S*T»*V,e>V, (C<D**«TttV ct >3. 9V) \Z 

&£>££«, S5«JEV Pf dJttttu^v,, fc^»t*«iH 
HJEVcc l:tt#L-^CliBf^HEET&^) V P , (V P , fct3^ 
T«i7^>^[HlgSl30 ©I^HjT»-<^)) iOfefiHtf 

[0018] z:©iBf.«m^|5j8Siio «i«m£Ev f ,*sai 

*afti««BEW*y — HlOOaty — K110Bt©Mt»« 
110b (BHtmEEV,,) *J:^y-h««j&««««ffiVc, 

a e, n* «jnmjE y - h* 1 oob \z mm s n s p ^ +■ ^ 
;pmos h-^>>?^^iioc (EgM«JEv,,) y— k 

1 1 Oa t & «6«BE**^- X. e> n 5 y — K 1 00c £ © fffl 

iZ&mZtl. y- N«ffiA*«iS«BEy — H100brCS5i(gg$ 
tl^nft^MOS h^>>?X^110di:. y-K110a 

t8i%lm^<t>< l ^ffi^^ti^>«iftifi^{ti*y-Kiiof£ 

Oa £ y - h* 1 1 Oa £ © M \Z mm 3 nfe p ^ +• ^;UM O S N 

[0 0 19] 120 ««iK«EEVcc*S^TKS&L, ffiH 

^■<Po * s ^l ©l/^^Tafe§Hl/^Jl/ (Vcc) T*-5£ 
«ffiffl*y~ K110afc«jB*ffiV C c J:D*>K^af«ffiV 

ttTKifrL, iS«£E^@gSlI0 *^©^»«-^(p.^ 



( : 

7 

tam^<t» tfLwvi (mmni£) T**tc©^Dy 

121 £©U >^->l^— ^ imSgl21 CD ^Dyi? 

t^fi (1+k) Vcc-V^-V,, (k«^-v/\°->^12 
2eCD*7 v:/y>^itTC©JMM!Tttl, V,,, V IS « 
nft^MOS H5>> s X^122f, 122gcDB8MmEET 
uO^lMTIitfellO. 6V) COi^«BEV PP SrHEEtti^y 
- H lOOaKffi+j U *7Uy>?mn<t><, 75*L 

[0 0 2 0] fLT, ^^-^>^IhI!S120 K&ttS 

u >y^-->i/-^igggi2i ti> — ^(Dxti-Am^mma 

t>J- h*110ftCS^$n^2 A^NANDHISSl21at. 
£ © N A N D IeI SS 1 2 1 a CD ffi £ ®J5 CD A # iz CD f C it ?ij 
llSa^nt^ >A-*121b, 121ct, -f>A*-^121c 

comti i ? d v i?m^ <t>< , tfmtiznz ? a y zmma 
±> j - f 12 ie t com \zmm £ ntz-i yn-$n % m 

tz.^ yn-^nVo. 122c£. J— K122aty- K122d£ 

<Dffl\zmm.£tirz3r*n~>?i22et. mume.;— kio 

Obi/— h*122dtcorat^-r^--KS^$n^n^^^ 
MOS S^>^X^122f<i:, 7- h*122d£«JEffi;>jy 
-KlOOatCDrafC^^n, y-K«®*V- K122dtC 
fi£$tSnrt: h*5-Y AVB h^>^X^ (nft^MOS 
h5>v^^) 122g*^«^^nT^i-5>„ 
[0 0 2 1] 130 ttmEffi+yy-K100a£&i(&«Ey- 
K100ci:©WtS^$n. HJEffi^y-KlOOaCDftJEV 
PP 75*J9r^«JET&3V P ,= I V,, | + | V,, | + | V 30 
mo I + |V,,, | + |V t ,| (5. 3V) .tOfciS^^? 
>^U^JVV cl = |v,, | + | v,, I + I V,, I + I V 
.« I + I v,,, I + I V,,, I (V,«~V 111 «p^^ 
^MOS h7>v J X^130a~130fcOB8ffi[«ffiTrcoSI 
J£^JT«0. 8 +0.9 +1.0 +1.1 +1.2 +1.3 =6. 3V) 
£ MX Z> £ Z. CDME. ffi Jl J - b' 1 00a £ &ifc«JBE J - K 1 0 
Oc££#i»iI^<=>S|fiI£U «ffiffi+;y- K100acD«£E 

:/[eI?§T?, «Hffl+;y-K100a 1 i:«iffi«lE/-Kl00ci 

cDm\zw.Pi?-f Kt^^ntpft^Mos 40 

>-^^ ^ 130a (Gfffi«J£V, t ) , 130b (BSMUJE 
V, 7 ) , 130c (EffiMlJEV, 1) , I30d (BB«t&E 
V.s) , 130e (BMa*BEV,,, ) . 130f (BSffl^EEV 
hi ) *^fil^$tlT*3D« pft^MOSh7>y 
*^130b<hl30c<h;$*^£nT^-5y- K130g#> £>ii5« 

jEM»mssiio izmt^p^^^)i MOS b^y-yx? 
nog©y- bm&v c £ffi#u £cdv 6 «ii5«jEv PP 

v,« 1 - 1 v,, 1 t&sa*, — m.?^y?i"<.)iv CL JZJL 

±lZfeZ>£ | V, , I + I V, , I + I V, ,, I + IV,,. 50 



> ) #W?6- 2 17 5 2 8 

8 

1 (z\commmTm. m £«o 0 

[0 0 2 2] :©pft*MOS h^>v ? X5'130a~ 

1 3 0 f a c cd m m m t « u u- -r xv mm s n t v» -2. *t, 

A* -7 i7 y- h rti£T«JEffi ^7 y - K 1 OOalCSi^ $ n/N* y 

tiy- K100a«Ot>©H£»<ft:oTlri.5©T, A«>i7 
y— h • y-XP^mJEtt^JBEtii^y- KlOOafflcOfccoS 
£?*&*f«5jt/js$ < & 13 . «JEEffi^y - KlOOafidcOfeODS 

D OS l-7>^XiS'130a~130fco^ffi^JItt-?-n^ ; n-0. 
8V, -0.9V, -1. 0V, -1. IV, -1.2V, -1. 3V£fcoT 

[0 0 2 3] Sfe, iS«JEE«|ftIlHlK110 fC^tett^p^^ 
*MOS H5>^X^110g«, iSS!EV P p*t^5>7' 
L"5il'V (l Kil;§oT^^(tnKV„- I V, 5 I - I 
. V,, I t^ctD, —^=>y^fU^)VV tl (CCDHJg^JT 
tt6.3V) £t±t&at I V, , I + I V, , I + I V, , , I 
+ |V,,, I (C1C0*SS^JT«4. 6V) ^y-hffi 
V t SSttT. V c =V fP - I V,. I - I V,, I <D£% 
ittr'-b • V-XfflmmZ- I V,, I - I V,, I (-0. 
8 -0.9 = — 1. 7V) . *»tJW«mflEV,, (-0.7V) itZ. 
CDy-b • V-^m«flEJ:Ot>i*^©T#ll9*ii«|iT 
£-5 (nftMMOS h^^i/X^'llOdro^-f 

tt^^oSigM^fefep^-f ^;wmo s b^y-Jx-zn 

[0 0 2 4] L*>U nft^MOS h7>yX^ll 

Odro^r^HircM-rsp^^^MOS byy-yx? 

T*50, K«ffiV, F *«»f««£EV Fi = | V,, | + | V,, 
I + I V, ,, | + | V, ,, | + |V,, J (5. 3V) J;0(S 
^itBnftWMOS N^>> J 7,i5'110d©^r*?p^ 
t^MOS N^>^X^ll0giOfem«t ; £^<ii!t1t-5 
/- HllOaromJErJp^^^^MOS b=>y~j 
X> 1 1 0b* «t Dtl I0cftt*3tt 6 H #«a«: e> 

\fLV^)Vt.fS.y). SJ«JEV PP ^m^«JBEV P , (5.3V) 

«i'9iS< > i7^y-/y^)vv tl (6. 3V) .toi^t? 
nft^Mos h ^y-yx&nodtfmfavim-nw) 

WV, pft^MOS h7>i , X^110g©^^ng 1 f 
*;i/MOS h^>v ? 7.^H0dJ:Ofe@giti£r#<^l±5^ 
Slt/«cO. p^^^JPMOS H^>^^110b*5cfcc>*ll 
OcCOigffi, 4¥BmiZfrfrt) y — KllOaOmEEttHU 
^ ; V £ 2> o lz -d T I J -S „ 

[0 0 2 5] fit, V c = | V, , | + | V, s | + | V 
... I + IV,,, | (4. 6V) ®^fttV, r *lj?f3t«£EV„ 
= V C + | V,, | (5.3V) iDfiHtpf^^MOS 
lOgttHUgafttB^ft 0 , y - Kl 10a©« 
Ettpft^MOS K5>^^110b*5j;!>*110c^# 

-So V,,j&*3f^«jEV ri =V e + | V,, | (5.3 
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v) ct oiS^tp^^Mos b7>*?7>*\m\zm 

ffltttBt&O, J— H110aCD«JEttp^^*;HvlOS h 
7>> ? ^^110b*3J:^110c©*jl, ^*iitc^^t>e.-r 

[0 0 2 6] ^(C«±©J;5t1«^^tl^«JE^IiI!§ 

100 <Dmmz-o^T®.wrz>. it5«jEv PP at&2n 

k^;UV D ,=Vcc+ I V,, | + | V,, | (Vct<V,,- 

I v,, i - i v,, i =v, (v te <3. 9v> miwrnm 

®.<Dt%) s V,t=V,, (V C c>V,,- | V, , | - | V 
■ i I =V, (V cc >3. 9V) ^2©«BE^«©t*) 

^ 110b, 110ctt£t>fc#*att*T, pft^MOS 
K^>v ; X^110gfe^®tt^^fc«*^t^n^^^^ 
MOS h^>> ? X^110d{'lt^git-ti-^^^T. n^-v 
WOS h^>> f XiS'110d«y- MIffifC«iK«JEV 
cc*S**T*W*»tttB£fc-3T^<5&ae>, y- KllOa 
cD«JEW:8ift«EEi:&D> Z.<DJ— K110a««JEi£§tf 
S-fWN*— ^HOete^ftMi^*. SHW (Vcc) <h 

■r-5. -r-stv z<D&%im^<t>ii&g;iiTij>y*->u 

-*Bttl21 tt%£&MttU 

122 ISClCD^Py :7fB^<f>c. rO^P .y^«# 

<f> c , *<igia«EE#> ^ V c c t it -fe ± 1 / — K 1 22d 
MEEltn ^;l/MO Sh7 >V7>9\lll J: OgEfcfll 

2f <7)58fiimiE V, 4 -£A,<K^ l/^;UVcc - V, , 
nt^Sfc*. ^^/1->^122eCD^g«S-&lcJ;0 (1 + 
k) Vcc-V,.©^;P (2Vcc-0.6 ) £T±#LJ: 

[0027] sfe, i7ayi7m^4>c,ammms.v C t^ 

e> Jg*«JBE^ i S *» T/i) ! -5 i =^ ^ A ->^l 22e©#»«S-a- 
ttJ: 0 y - K122d©ttm«V c c - V, 4 EJLTfc&Z -5 fT 
^>*s, f 5ft:5inft*MOS VyyV^YLlW 
ill/T/- K122d*«V cc - V 14 ©L"<;H;T3fc«£*-l 

/- K122dCD«ffi«V cc -V,4 <h&-5o -?-L 
T. N^>> 5 7.^122g«y- K-122dCD«ff*i 

ME-iHtiy- K100aW«JEV PP ^bC:© K^-TAffl 
>v J X^122g©EBffi«ffV, ( fc*ttigH«JEJ: 0 ift^tiS 
iiU <gl^£#M|ji<!:&-5£», K^f AIHB122 
EEffi^y— H100a«D«£EV,,* (1 + k) Vcc-V,,- 
V, s (2Vcc-1.2) ST?#ffiT*iB***L/TH*. 
L#>U V,p^*D^^;i/V, T (=Vcc+ | V,, | + | 
V, , | ££teV,,) £*8A-5,£, p^^*;HV10 S h 7 
>^X^110b, HOcftfW&Kg. S&IJpftMMO 
S h^^X^HOgaSn^^MOS h5>5?X*U 
0dKJt^«^£:£<«1t3ttSI<£&*3, y-K110a^H 

[0 0 2 8] *§t»-TV>4f 
■Xi/V—Zm'&m K&ttSNANDlHJl&^lateHl/^ E 
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;i/ (Vcc) ©itMtsttiau '(du>^->u-^ie18S 

121^e»tti^$n^^P^i7(s^(ji) c „«L i^v/i^fc 
0. K5-f A'|3K122 ttC©i7Dy^<S^*.,*g>tT 
^^-^*>7 f »#Sr^jl:-r^fc«), «lEtfJ^7y- K10 
Oa©«flEVp P lJ^»lx^;UV,T (=V CC + IV,, I + I 
V,, I (Vcc<V,,- I V,, I - I V,, I ©<t€T) . S 
fcttV,. (Vcc>V,,- I V, , 1 - 1 V, , I ) ) izUfz 
n5^tl;/«t5„ 3=&, «EEiB7jy- K100atf)«JEEV P , 

A^7>ywv tl (= I v,, I + I v,, l + 1 v,, 
10 I + I v,, I + 1 v, ,, | + |v M1 i) zmzrztz 

tt, ^7>7 p Ih18S130 KiStt-Sp^-V^Jl/MOS H5> 
^X^lSOa-lSOf^Jitt^t/cC^mJEtli^y- KlOOa 

t mmmfc y - k i ooca«»ii v tme. v, r at 5 5 > y i> 

So 

[0 0 2 9] mjEai^y- H100aA»6ttJ*v*n* 

i««JE V, , ©«lKfl|JEVc c fe#tt(CO 2 rC»-^# 

20 mm-?*. s2ttHigaBEv cc -igitffiv fP #tt^^b 

fc^77T, (a) tt«EE55*l3BH00 ***ffittl^7y— K 
100a(cai73T^SIilE^^T®iST (1+k) V cc -V 
,«-V, t , (b) £<£tf(c) ttK«£EV»,*«cn£il±KJ5c 

•stsitJE^ieiJsiio i"owD&%amn<i>, 

73L,TU>y^->lx-^[5igS121 <7D^lil!j^^ffit$-B- 

**»u^v, I **-ra«Tv C c+ I v,, i + i v., 

I (Vcc<V, (V cc <3. 9V) mi<Z)«JEffl^Ot 
*) . SfcttV,, (V CC >V, (V cc >3. 9V) 
K.mm<Diz&) . (d) «^^>yiElSS130 <Di7?y?U 
30 ^TV tl (6.3V) Tab*,, 5IKH(j^«ftt*iB«ffiVc, 
ttB 2 tc^^nfe J: 5 fc« 1 Vcc <V 

i rtcDV, (3.3V) i^«JEV PP ttV 
. (4.7V) t&t3TH5. 

[0 0 3 0] Sfe, A'-X^itSB^, «2SmEE 
*^lfrbT±#Lfc«-&««jg«JEVcc«B2l3^TJ: 
^(CH2CD'ttffiffiit-C I ag)-5Vcc>V, CDM^Tfcffiffl? 

ct>-5. CltirCtO, S!«JEV PP j&i^ftil>^;pv,T (5.3 
40 V) *mz.Z>t. K«JEtt«DtHK8110 **Ctl*««DbT 

ssi2i <Dmmmft&&sk-2<itzjttb. »«ffv,,*%i: 

-v ! #>yiEl?Sl20 ©«£Effi*y-K100alr«JEV PP <£ 
ffi*-r4»f^*»fltjfcb. Z^yJW&l 3 0*SmJEtii73 
y-H 1 0 0 a*»6»ift*JEEy-K100ck:««*j«-r^ 
^>7 P i!l^«Sff fC'J >^->l>— ^IUBS121 

F5-f AHH»I22 «^^-> > #>7 P l!jf f ;*L^tj- 
T«JEffi73y- K100a©«BEV„*$6fc±#$-l*J:5 
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[0 0 3 1] K±® ± 5 © **« 1 Ttt, 'J>^ 
>>U-9®ffil2\ <D%M*ikibZ>& l &\/'<.)Vft9 3>7 

> -ymw tz^y -fmfttf mm icEi^it^i^ 

Oi5 >v7.^ 1 10g©^r- hfcffiV, ja^ 5 >^|s)8S13 

[0 0 3 2] ^Sg#l2. ^tC^0D^^C0HJg^J2Tab'5 

fc*Snfc«E36£ig8100 feil K*<*nfc«EE3B£ 
HISS100 i|B|*fc*W»EVcc**W-T«»U il^ift 
fWIJCO«»«ffiV, ( ( -®H«MTHI«ft^P$3. 
3V) ±«9t)»^B«£EV, r (a*»^WM.7V) &«EEffi 
*y- H100afcttl*-r*lfiIBtf»4. COH3t*sn 

^mi£%^iEi?§ioo ^iics^nfctxBt'ift^^ 

tt, i7^>7'lHl8S130 f;:43^T, SJEtB^y-KlOOat 

^ *)VMO Sh7 >v?X^130ai5 J:Ofl30btM?UfC, 

* U -> U 3 >ri> 6 fc £ fiftl 30h£ 8MB b T to 5 £ 
©fitftl30Wa«£Effl*y — Kl00a*»6CCCl»ttl30h*^' 
LTtt«l*BE/-K100cfc«Ena««fE*il>«:<-r*fc» 
tC, pff^MOS N^>v ; X^130a43J;DCi30bC9^- 
>fiRfcJt^T*»fc»5:fc*< bTV>* (1MQH±) . 

[0 0 3 3] i7^>y[Hl8§130 C£©JgSil30h£»!W-fc 

dtic^o, y-Ki30g^btt5^$n^>y-hmttv s 

«EEfcb^/y- KlOOaWiSmffiVffdJp^^^MO 
S h7>^X^130c~130f©^MmjE©*&*HiI©ftl | V 

• i I + I v,, I + I V, ,, | + | V,,i I ('©USS^j 
T«4.6V) J;!34£V><»:€r«£©p3 L r*;l'MOS h5> 
^X^130c~130fJ^*a#ttfc©TV, f fc«b<fr 
D. J««EEV„*t | V,. | + | V,, | + | v,,, | + | 
V,,, | iDiSUttttpf t^AMOS h7>i?^^ 
130c~130f**i»attlBt3&:S©T I V,, | + | V, 9 | + 
IV,,, I + IVm. I £fc*. £©£*JSSil30hei* 

SfiffiSfctJfci*, V c *i | V, , I + I V,, I + I V 

... l + |v,,i I tftoTbv„nv { fcttjas&iri 

[0 0 3 4] fH, £©f|JE£fj?jy- KlOOaijgifeft 
JEE/- Ht©raicS0!$nfc^7>yiHJKll3O «£E 
ffl*y-K100a©«JEV,,*i. BftSEV M = | V,, | 
+ I V,, I + I V... I + I V, ,, I + I V,, I (5.3 
V) ct0t>ii5^i7-5>7 F b^;i-Vc l = | V, 6 I + | V,, 
I + I V,. | + | V,, | + | V... I + I V, ,, I (6. 
3V) «tt)'b»<ft5t, WEiilTjy- K100a£&ifc«EE 

y- Fmctomzmm-ztitzv^^ *)vuos b?> 
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^X*130c~130n:jD*T130a43£Dtl30bfcigattSS£ 
fct). -tft*T»ftl30h*J:tfp^**;i,MOS h^> 
5>**I30c~130fS^bT*abT^ifc«£Ettiay-K 

h 5 > ->'X * 130ai3 «k tfl 30b©:* >»tttt c n £ M^J fc 
^$lafeii5ffi*T;ffl=£-t)C)Stiti30hfcifc^*^D<S<^ 
t>Tlr>*fc«>, «JEtb^y-K100a*^^^jEy- h* 
100c^t**<«fflE»ti«nT«Eta*y- K100a©«£E 

[0 0 3 5] gjfc, dCOi7 7>yilgS130 i>6©y- h 
«<fcV e (V„Sfctt| V,, | + | V,, | + | v 1It I 
+ I V,,, I) &£lt*ffittEEttfti|3Biio t^^p 
3^*Jl/MOS h^>^X^110g«, y-^nsicStt 
TV»*K«ffiV tf j6t | V,. | + | V,, | + | V,,, | + 
IV.m I (4.6V) «£D<6V>i:£ttV t =v„&OTy 

BEV„*t | V,, | + | v,, | + | V, | + | v.,, | 
(4.6V) «t0K^t*ttv, = | V,, | + | V,, | + | 
20 V,,, l + IV.n | (4. 6V) ^£©T, Z.(D&Ml£V t , 
ft?- hm&Ve ±Ofcco.pft*MOSh5>y 
^^110gOBB««£EV,,©|6»««»tJ»^flEV, + | 

v,, i (5.3V) xomitmrnvtm. m>£#mmttm 

[0 0 3 6] Z\<D£5\Z. pft*MOSh7>^ 

9 1 iog*». k«ee v, r Am® u^oiv, , tz&vt&m&m 

SEV P ,= I V, « | + | V,, | + | V, ,, | + | v.,, | 

+ I v, s i (5.3V) J:oss^t5»ji, m^t^mmttx 

ZTzft, £©p5^-r MMOS h^>i?X9H0g<D^^ 
30 ^li^nft^MOS h7>v 7 X^110d©-enj;»D 
«)*5ia^t<l,THnH y- K110a©«£Etep^ 

* *jumo sh7 >i?x 91 iogfi<mmvtm\zt£ti\*H v 

9 1 10bte«k 1 lOc^ffl-T * £ H l^Jk #ia-p*4 

>-^X * 1 10g©lM XC«*at3«: < Tftf. 
[0 0 3 7] *fc«±©«k3fc«J*£nfc«JE«£0!5 

ioo ©»ftncr>ir>TBigrr*. *-r, atffv,,^ 

l/^;UV, T =Vcc+ I V,, I + I V,, I (Vcc<V Pl - 
40 I V, , | — | V, t | =V, (Vcc<3. 9V) ^i©ms^ 
i$.(Dtt) . V,i=V,, (Vcc>V,,- | v,, | - | V 
.i I =V, (Vcc>3. 9V) m2(DMEEmm<DL^) ±0 
fil»U^;HCJfeSt€?tt, pft^MOSh?/-/^ 
^ UOb, 110c*J:«110gtt < >:'bfc#Sia*!8T. n^r 
^MOS h^>^^^110d«y- h«Sg{C«jS«flEV 
ee*SttT#«F*iB*«t*:t>T^*fc«>, y-K110a 
©«JEttSfl6«ffitf«cO. £©y— K110a©«JE£§tt 
5-f W?-^110e»a«ttfl|^*, SJBlOW^l/T** 
HHA (V cc ) tf*. tlx!:, d©Mftlfi^(p. * 
50 SttS5 1 ^->'#>yiHlK120 tt^Jfi^JlT^^n/cm 
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OWjHfZV, «JEm^y-K100a»Cgfl|KV, f 
5. ^IT, V,,j&*&fcJU^;UV„, (=Vcc+|V,, I 
+ I V,, I *fcttv,.) pft^MOS 
N7>^X^110b, 110cftf*»Ktt, Sfcttp^**^ 
MOS h5>^**110gafl*H#«£fcD, y-K110a 
ifiH l"<)V£t£. V , ZtlZgifZ-f 10e«&fc] 

[0 0 38] nt, £©&*affl^<f>. *gr-*T*JI« 

mS.^ilJ- K100a©«J£V PP (2HUD^;^V. T (=V 
cc + I v,, I + I v,, | (v cc <v M - I v, , I - I V 
, 2 I ©if) , *fc«Vp, (Vcc>v,,- | — | 
v,, i) ) fcffifcftszitfc&s. mjEffl*/- 

K100aCD«BEV,,*^7>7'U^;i'Vci (= | V,, | + 
I V,, | + | V,, | + | V,, | + | V,,. I + I V,,, 

I) &Mz.fziz%i*, z^y-fm'&m (c«t*-5p?* 

*;|/M O S h 7 > -/X ^ 1 30a~ 1 30 f rt<igjitt<S t fc 0 « 
JEffi^jy- KlOOat^ifimffiy— K100cd«*iILT«JE 2( 
V, , *t $ ^ > 7 s V c i \Z 9 5 > n-s . 

[0039] )k\z. mjEm^y- KiooaA^m^^n-s 

©*M«2Tt>HM«l Kr*Snfc«BE«^laH8100 <h 
H«fcB2fc*^;fc«fc3fc«ac*EEVc«#tt*#U 
ii^i&f^Bf ««M«EEV C c «0 2 IC7K$n/£ «fc 5 fr® 1 
©«ffi^«T*£V C c<V, rtOV, (3.3V) #ifi£ffi 
ffiU ItffV„}iV, (4.7V) tft^tl^. 

[0040] ^fe, a— w>Kifcr*iR^». mM«jE 

5tf 2ffliffI«T$5V t «>V, o«*eTfcffiffl^ 

*(c) ^^^>7 p l/^;PV cl ^^-rit^(d) ckOfcTfc 

^nt'iO. iSStiBEV,, 35«^U^;I/V.t (5.3 
V) £jgA5£> iSSSJI&ftlHj&llO j&JcnfctMDUT 

K121 ©SMS!ftfeSff.[fc;£li-*jfc», »«£EV„3itfct 

— ^>yi3K120 ©•ttflEfcti^y- h*100al;:«JEV pp £ 

- K100a*»6S5Jft«£E>'-K100cK*«fE*«ri'5>7 r 
»fls©««ffcU>a'*5' l^-* 13881 21 ^$Li(J, 
>*5-f A0ES122 tt^*-5>#>:TOte*UttttT«EE 

m^y — Kiooao«£Ev, r ftssf^ws-a-i'Sfr* 

[0 0 4 1 ] &±©J;3lt£(DHJ60H2Ttt. U >^ 
~>l/-?®f8m ©3gJi£ifcae>3&*oi^;U;^7>:/ 
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<=>^ P^^^^MOS S^>>>X^110g*3j;^ffiin:l3 
OhSiftfJOU h^>> ! ^^110gOdr- N^firVt 

>^@?si3o frznT^zfzwzn&mmL-t&r), 

hsa©itto^jfliS!i$n-5o zizmtnim&mfT v 
^y*)iMos h^>>?^^iiog©y— h«tev«j5«m 

eev p P tmm wow, , iz&i-t zmfems. v, , (5. 3V) 

H5>v*^110g©^*;Mi£n3^*;i,MOS 

<, ^SS^J 1 tr^^n^lfctDrCit^p^^^^l^MOS h 
[0 0 4 2] ^T(C^©^^©j|Sg^J3T* 
4k::feHT\ 200 tt«8i«EEVce*§W~Cffi!JjU ft© 

g««EEv,, (c©*t«Tti-i. 5V) ^mmtat}y- 

K200afcttJ*-r*@BT**. 210 ©«J£fg£|Hlg§ 

200 s^tEas^y- K2ooafcia**ns*s«£Ev,. 

., (^©*SS^IT«V CC <3. 9V) (rafe^>i^«, -V 

<>i -v,,, -v,,, (zwmmm-cit-i.w) . sgi 

Oftffi««T**V,,<Vce<V,, (^©IISfi^JTHS. 
9V<V CC <4. 3V) rC&St^tt, «^«/EVcc©±#fr 

^i;t-v,,, -v,j, -v,,, (-1. 5V) a>£TPrr 

5^)K *J:^«««ffiV c ,*t«2©«£E«*T*<5 
Vcc>V 12 (C©HiS^JT«Vcc>4. 3V) \Z&Z>t% 
tt. »««BEV,,*t^«ffiTab*V,, (-2. 3V) 

T*5H1/^ (HBfVe.) ££B;»J 

[0 0 4 3] d©S^Sffi^SllHl?§210 tt^&mJGEV, B 
A*a**ft*'«£Ett.*y- K200aty- F210atOIBfc 

X^210b (B3ffl«ffiV,,, ) . 210c (BMSmffiV,,, ) 

43 «t Dcy- h m@75«««!«jE y - h 1 ooc \z mm 2 n z n 

ft*MOS (--7>^X^210d (EiM«JEV,ta ) 
t> /- hMOObt y — K210at©IHJfc»«S 

n, y- Kss^^tey-Kioocfc^^n^p^ 1 

t^MOS h^>^^^210e<h, y— K210at*»e 
fl*ffl#Sft*«a«*|ffl#y-K210fi©Mfcit 
mzmi&Zftrz'f >;N*-^210g*3J;CX210h<»:, 
y- K200aiy-H210ai©IBfc*«snft:n5 l i'^;P 

mos y?y-j7^9iw\ (Wffisffv,,, ) t^sm* 

[0 0 4 4] 220 tt««*EEV(e*«»tT«l(rL, 
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mmm^immio *>*>©&&«#<*>, 

<DU^;i/-eafe-SHU-^<^ (v cc ) 
t^ffitB^y- h*200af::ft©«J£V,, &mjj-?z>^v — 

jE^(eI!S210 ^bOtaftf^,, £©&*[]« 
Wft l©I/^;UT&3Hl/^;|/T&-5i:Hl^;|, 
(Vcc) <hLl/^UP (&ife«EE) £<Dffl<D^t&TZ> 
(VcciS<@T^ig-r-5) ?nyi?g§^,${iJ^U tfc 
*HW^<f>. *»LU"W TfcatCO^Dy 
y-ff^f 4> tP £L l"<MZ®feT2>V >tf$->ls—i?®I& 
221 i, CICD'J >^v'L'— ^IHK221 frZOpayp 

i^tt-kVcc + I V,,« | + |V,,, | (ktt**/t 
vy-222e©#y y*U >#tt-VZL<Dmt&m-C\Z 1 . 
V, IS , V, 2 « tep3=--v*;HMOS Ny >>?;*y 7 222f> 
222g©BfM«JEET'©HS|^|Ttt<i: i fe(C-0. 7V) ©X« 
mJEV, , &mi£tiit); - K200afcUl* U, y- p y y-{f^ 

SS222 *^a)«JnTV>5 t 
[0 0 4 5] fLT, 5 L ^-^#>y@g§220 ClcfettS 

#y- F210ffc««3ftfc2A#NAND|ElK221a<!:. 
C©NANDEHS221a©tU*<i:«^OA*t©|«|fciftOT 
fcS^^tl^-f >A*-^221b, 221cii> -OA— ^221c 

(ornti ii ? p y ^ *. . **m * s n* ^ d vzmnm 

ilJ— K221etO|ffllc«^Stlfc-r>A— ^221d*^« 
«SntH5. h*y-f AEJ88222 H, ?Uy?m 

^ttS^j/-K221ety- K222a£©WK:i»?flK:SMJi;*ft 
&-f >A*-y-222b> 222ct. y- K222a<fcy — K222d<h 

ZllUt. y-K222dt»*«£E/- h*100ctO|8Jfcy 
-Tt-KS^ntp^t^MOS Ny>>>Xy-222f 
y — K222dt«JEai^y- K200a£©Mte»«$ 

=7>~J7,-5> (pftMMOS Ny>>>Xy-) 222g*^e. 

[0 0 4 6] 230 tt«EEffi^y- h*200at»^«EEy- 
F100c£©IHK»ttSft, ^JEtt^y- K200a©«jEV 

• ij4^ /5f«mjET££v, t =-v, !S -v,,o -v,,« 

(-2.3V) J;'3 i feffil/^^>^U^VcL=-V, t , - 
V,,« -V tls -V,,, (V,,, ~V,„ Vtn^^^JV 
MOS h7>v ? A^230a~230d©BgfitmJET^©HSg^J 
Ttt-0. 6 -0.7 -0.8 -0.9 =-3. 0V) «fc0t>ffi<fc 

Pfl(D««ffiSi5T^ ^JEtB^y- K200a©«EEV,„ £ 
y- 5 > -f V s<)l V c t iZ 2 y > XT 2> tz & © i7 y > X|hJ8§ 
T, «ffiffl*y-H200atSU!!«ffiy-K100c«i:©rafr 
W.mz¥-(*- KttttSftfcn^+^MOS h7>y 
A^230a (B3MHBEV,,, ) , 230b (MttttEE 
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V,,, ) . 230c (Ht«EV,„ ) . 230d (BSMitfiEV 
...)<!:, «ffim*y-K200aty-H230et©MCn 
?t*MO Sh7 >^Xy-230a:fc itmObiMWc. 
# U v- U n £> 3 S«t230 f t *^ 6 $ ftT& K> , 
n^t^MOS hy>:xXy-230b£230c£#&igg;*n 
TH* y - K230e*> S»£«fBJEE&*DlHl&210 fcfctf* p 
y^*;l>MOS h7>^X^210i©y— bm&v s 

[0 0 4 7] ^-UT, n^-^^Jl/MOS h?>v ! 7.^23 
10 Oa~230dttC©3fcM«TttHi;-!MXT»J«£nTV>S 

N* 200 a#J© t» © S £ MftttEE *J /h $ < ^ 0 t T . 
■fno. 6V, 0.7V, 0.8V, 0.9Vt«:oT^*. «fit 
230ftt»lfi«£Ey- H100c^6«£Effl*y- h*200afc* 

^^230a*«tlX230b©*>fitftfcJt^T*»a:O**< 
LT^5 (1MQ£<±) . 27^>^ip|gS230 \ZZ\nmh 
230f*K^CtK«fcD, y-K230e^6tti**n*y 
-hmfeVc «JEtB^y-h*200a©S««lEV B ,/5J 
20 8ttff*6nft*MOS h 5 >> f 7>^230c43 «tt/r 
230d©BMa«BE©ft*ltU5lt»fc«ff-v I ,, -V,,. 

(COHlfttTtt-l. 6V) cfcOS5^«i:#«. ^©n^-v 
^MO Sh7 >> J X ^230c*«fc5yt230d*i#i»S^S|^: 
©TSSx230f^?rLTS«mjEV ! ,(c#b<^O. S« 
^ffiV,,*i-v 12 r -V,,, iOfi^ttlJnft^ 
MO Shy >> J 7.^230c*J c k?>*230d^fflttlii:^-5© 
T-V 1J9 -V,,, t^^>. d©cb^etr[230f«iS5eftx 
tSt>^&». V t *S-V, 2 , -V,,. t/JoTfeV,, 
ttV 6 Ctt^e.ftl'J (ig*n:230f©pgSBTmJEM*s^L;T 
30 l»-2>) „ 

[0 0 4 8] fbT, «ffittl*y— H200ai»*«ffiy 

-Kiooct©w»casaisnfc^7>7'0iS23o «, «s 

ffi* y - H 200a©mH V, , *t, Sf^ttflE V, , = - V, , , 
-V,., -V,,, (-2. 3V) J:0t>S!^27 7>7'u^ 
Vci=-V,,, -v.,, -V,,, -V, s „ (-3.0V) «k 
^fi<i45t> miEHi*y-K200a£^*«BEy-H 
100c<h©^tcS^^n^n^^^.JPMOS hy>>5X^ 
230c*J:«230dk:lPAT230a*«tZX230bt>*iItt«t& 

40 230c*J:«230d*^-L/T#abTV»fc«£EttJ*y- K20 
OatSiSfiJEy— KlOOca*, nft*MOS hy>-^ 
T.^230a~230d?r^-LTt)^ilL, nft^MOSS 

7>^A^230a*J:«230b©*>fi8ittcnta65«K:a! 
«Snfc*att«*t>"3fitft230fK:lfc'<«>&O<5<«i:^ 

Oa^N t±£ < mffitfffi.ftTni£tiit) y - K200a©«£E V 

[0 0 4 9] r©27 7>y|aIIS230 *^©y-h 

«^v 5 (VnSfta-v,,, -v,,, ) ^stt^s^ 

50 «JE^»IeI2S210 \Z&tt% n ?t^MO S h y >i?x 
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*2iona, y-*««K:aw-Ttr>s*««Ev»,at-v 
-v,,, (-1. 7V) ioss^ifrttv, =v,,&© 

T^-h • V-*M«EE#OVi£D*fc#i»att*. 
*««JEV,,**-V,,, -V,,, (-1. 7V) iOfi^i 
fTttV. =-V, l9 -V,, 0 (-1. 7V) fc©T. CCDS 

-v.ti (-2.3V) £Q&\,*tmmvim, m*t&mm 
[oo so] x.\zm±<D£?\zffii$£tirznEE%±m?& i 

200 (D»)f^{'Ot/iTSi^T-5. £?\ S««EEV,-,a«& 
»KAV„ (V,,<V,c<V,,Ttteff-V,,, -V 
mi-V,,. (-1.5V) . JSl CO«JEffl^V 11 <V c(: < 

v,,T«Vccto±#nj^i;T-v IJ1 -v,,, -v,,, 

^TPrtSU-^K ^2CD«JEffi«Vc C >V,,TttV 
pi (-2. 3V) ) «fc QlKW<MZ&>2>£%it, n^v* 
MOS h^>i/^^210b. 210c^<kCX210d«tt)»C# 
*ffl!Ka8T, nft*MOS N7>i?^iS f 210i*)#« 
il^^T, pftWMOS h7>^^210etty- h 

». / — F210aCDm£EttS««JEVcc CCDy- 
K210aCDf&E*SW-5'f >A— ^210g*<fc^210hfr J: 0 
HHW (Vcc) t^4„ CCD 

£©WT*1&L*&«K ABK222 BCO^Dy^ 

V c c ^ £3£*> ±*«* <h / - F 122d(D«JEf2^ t\*s9ll 
2e © #S*S£- K «t 0 k v c c ISft ±# L «fc 3 £ T -5 . 

[0 0 5 1] L*>U ccoy- F222dCDmSE^p5 1 A'^ 30 
MOS K7>3?;*^222f0Mtt*E0ia*Mt I V, !S 

I 4>S<^:-5£, :op?t*MOSh7>-;7 
^222ftei*WR«£&?K y— F222d*»& p5=-**;UM 
OSh5 >i?X*222t>&ftl,TlStttinBE.;— F100cfc« 
«5**«EnSfc«), C©y-H222d©m£EW I V,,« |£ 

£n';/£«^0«,a««jBMtffiVe 
«ffi^£li^T*«5£+^/1v'^222e(D^tS^t«fc»3 
y-l«222d©«EttkVee^tTI»lxT-kVcc+ I V 
.>t I fC&£„ fit, F^-f MJB h7>^X^222g« 
y-F222dcD«J£#ttJEtfJ7jy- F200aCD«JEV,,^<=, 40 
CCD K7<Affl h7>^7.^222g©B9M«H©*g^ | 
V II6 | fc*»tK^mffV,,+ | V,,, | «tDflSV»£i»a 
U KV*<!:2M*a£fc*&*, h*7-fA|HlK222 tt«E 
ffi*y— F200aCD«JEV,,£-k V cc + I V, lt | + | 
V,,« | (-Vee + 1.4 ) *Tfi<r*IB***UT^ 
S. 

[0 0 5 2] L#>U V,,/6^ai/^;i/V I1I (V,,<V 
«<V,,THgg-V,„ -V,,,-V,,, (-1.5 
V) . JBlO«£Efli*V, I <Vce<V,,TttVce©±# 
KjfctfT-V,,, -V,,, -V,,, *^TRt51/^ 50 
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)l, *2©*ffi»«Vec>VMTttV,, (-2. 3V) i 0 
n^tWMOS H5>> J X^210b. 21 
0c*J:Z>*210d^ffltt^. ^cttnft^MOS h 7 
>S***210ia»#att*£fc»P, y- K210a*«L 1^;U 
£.13. t), cn*$»t*-f >A*-^210g*3cJ;Df2l0ht; «k 0 

^lu^ji immmm £tz>« 

[0 0 5 3] ni, £gttT'J>y 
■^'yV—^mVmX K45tt*NANDiaiS221attHU^ 
(Vcc) ©ff-Sf SrttJTjU CCD 'J >^yl/-^@K 
) 221*^ffi73$tl-5i7P->^^()!) CI ,ttL l^Pfcfc 
0. K7-fniHl!S222 ttCCD^D^i7|g#<i) cp =£S^T 
^^-> > TS>-?m}W : $:W±~$-Z>Tzlsb. mBEtiiTjy- K20 
OaCDHEE V, , t£&*n l^;PV» , fcfiSfen-S C £ tfti. 

«J£ffi73y- K200aCD«£EV,,*i57 5>'7 p U^ 
Vci (=-V, 2 , -V,,, -V,,, -V,,, ) £i9t><g 
<fcofc«h£«, ?7>:/[5JSg230 H^(t5nft^ 
MOSh7 >3>X*230a~230dA«*att*£fc 0 M&tii 
*>S- K200a£»Jft«£Ey- Kl00c***aUT«BEV,» 

[0 0 5 4] 'AlZ, ttliatS73y- K200a*^ffi?3$n-5 

BJT^o H5ri«S«ffiV«,-*IE*EEv,,#tt£«L 
t^77T, (a) ««JE58£IIIS&200 TWBJEttS^y— F 
200afca*Tf*4«£E*^rai»T-kV,,+ | V,, s 

I + I v,,, u (b) (c)4j«trf(d) «s*m&v, B *>tc 

tt«TKfc*£*«*ffit«Jlg|(&210 A«LiV^JKO«*D 
ff-*t<*>. ££B7jLTU >y^"->l/— ^|US§221 <D$£MWj 

^*ffifcs«*«au^v,,*«-rftKcT, v,.<v 

cc<V,, (2. 9V<Vcc<3. 9V) Tte-V,,, -V,,i - 
V t!1 (-1. 5V) . % 1 CD«I££IilET&-3V 1 ,<V CC < 
V, 2 (3. 9V<V CC <4. 3V) T«mjl«BEVccCD±#{c« 
«FL/T-V Itl -V,,, -V,,, frST*?"***. SB 
2cDmflE^«T5.?)Vcc>V,: (Vcc>4. 3V) T«V r( 
(-2.3V) . (e) «^7>7 p IhIK230 cd^7>^1/^;U 
T-Vci (6.3V) TafeS, 

[0055] :cc, Jiif«ai'^v»,*tv,,<Vcc 

<V,, (2. 9V<Vcc<3. 9V) Tte-V,,, -V,,, -V 
>>i (-1.5V) £130, HlCDmjEEffi«T*5V II <V 
cc<V, ! (3. 9V<V CC <4. 3V) Ttt«J!i«JEVccCDJ:# 
CJ6SLT-V,,, -V.m-V,,, ^t.TI^-r-5CD^ 
BMBL-TiK. Vcc<V, s (Vcc<4. 3V) T«SISmJE 
«I*DIhI!S210 IC^SttSn^-v^MOS N7>> ? 7.^21 
Oitt#i»attSgT*t). y- K2l0acD«jEttp5 1 -f ^ 
MOS h5>v7.^2l0ei:n5 1 ^^;HVIOS h^>i?x 
^2l0b« 210ci3<fctf2l0d£:TVcc -V,, ZmtfiftpiLTz 
ttteaMR«BEV 1I *JnA.4J:tT**S. «i!g«£EVcc 
JM£v»£*tt (2. 9V<V CC <3. 9V) . pft*AMOS 
h5>v7.^2l0e©y- h • V—zr$niE.<Di&Mm\Z'h 
p^t*MOS h7>>'X^210ettiSffiJn;M ; S: 
*>-Df£ig.in£m!g£Z£r), ^©ttnf t^MOS N 
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5>>*x*2ioiK 2ioc4s &m 10 Mmmvtz£%<Dm?i 
n^sw-s-r >n-^2iog^H \y^)v^\atj-r^ u^. 

[0 0 5 6] «»*£EVee*«±*-ra4:. P5P 

■f*;UMOS K^>> 5 X^210e(Dy— H • y-XHt£E 

fZWerfmmhtz t$<Dt§.tfiWh2 < & 9 , V c c A*V, , 
(3.9V) ^SiSSiftVnAi-V,,, -v,„ - 

v 121 (-1. 5V) THy-H2i0a»c«L u-^;kd'«je^ 

fiSt#«C«fc:3Tttai#£ttfc<fc0, Cicoy— K210a 
©«E*«L ft« f'tt*««£E V, , A*& -p tT*s 

*l©«E*«-Tf**V,,<Vce<V,, (3. 9V<Vcc< 

4.3V) <ttez>tmmmi£v cc <D±mzi&<gvT-v l i t 

-V, l2 -V, 2 , (-1. 5V) *>6T*T4. ^C1T> & 

mnffitf (Vcc-V,,) 1 fcJfc«LT-h#-r*&«& 
^* { ±ST5 £ <hteffitn;«A*/h2 <&5if:l;ffi 

[0 0 5 7] t)£CD|8BJf;:g?oT, a*IMmtt*M 
JBEV cc «H5f3*$n^:J:5f:v, (3.3V) ttifi£$ffl 
U S^«BEV,»«V. (-1. 5V) £fct>TV>-5. * 

Ufc»-&tt««ttl£E V, c «B 5 frz^TJ; 5 fciS 2 
«*1?»*Vee>V,, (V cc >4. 7V) ©WKT'bttfflS 

*(d) tei>7>7 r W<)UV cl &m?\M.m(e) iDfe±C 
£5. Cftfc«fcD, »R*£EV,,atttftil/^;|/V„ (- 
2.3V) «k0t><K<fc*£, *««EI£$D[hI88210 A*;rn 

^©i*? 1 *— S?#>:?|ga220 0*BEffi*y— K200a 
»C«£EV„Sa*-rS»^«tfltjtu, i7^>y@?g230 

**«ifi*ffiy-K100c*i&«BEtB*y- K200afc««* 
»it-r^^>7 F i!jf^©«tf(' , J >if*zsU—!7®l&22l A* 
MKlsMt*. K9-f A0&222 tt^*-5?s|4>:/|bft£* 
L^ttT«£EtiJ^/— K200a©«JEV f , £>t::TIS$£ 

s>#> t f 5 > :/»f&&«m«f k g cs^iatan 

[0 0 5 8] £*±OJ:5ti03fel6«3T?tt. U>^ 
->U-^EIK221 ©§gg£ii:#>-5&*0U-^;l,V„ I A*i7^ 

* - > T'Sj^ £ ^ ^ > yiifPAill^f fc jg c & z t A* 

3^*;UMOS h^>^X^210i?r#JnUT^© 
> 5 X^210i(Dy-hSteV e tt^^>^lHlS§230 A><=># 
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[0 0 5 9] mMW4. «T»CC 4 Tf* 

6fcis^T. ioo fasjgmffiVec^sttTffii&b, mmt 

3.3V) ,fc»3t>»HK*flEV,, (S1MMts»*4. 7V) £«JEE 
ffi^y-K100atcm*-r'5lsl!ST< dromjE^^EIKlO 
0 A<0 1 Kl*Sn&*Jt« 1 Kiitf -3«JEfg£[ElSgl00 

7 >vX^130a~130f {3 «fc 0 7 >7 F 0!S13O A««j££ 
nr^^Ai. d©^Sg^J4T«i7 7>yiHlggl40 A««EE 

ffi*/ - HlOOatttiftMJEy - hM00ctOM»c«ttSn 
fcp?V^MOS h^>v : 7.^140a (g§««JEV 
>6 (-0.8V) ) <h, j£«EE8U41b*J:tfl41c£a»Sfc3 
S*Pmfffg4lEl8§141 <tA>b«tfi£2tU ^©SipUfffg 
£!e]?S141 A>bffi^$n-2>V re(1 (5.5V) ttp^t^ 
MOS K7>5^X^140a<oy-hm«fcA*Sn, *5 
>7 f U"«;PVc t **V r ., 1 + | V,, | (6.3V) fttoTU 
20 5.6, &=fctfiiSmffi&:S]IU?gllO CfctfS p^r *;PM 
OS h-7>v>X*110g WliEV,, (-0.7V) ) ©y 
- h«@{'S*«JE^*lsI!S141 A^CD*«fSmmv ttM 
(4.6V) A*A#£n, ^»IU^;i/V, t t*3tt53f^«E 
V„A*V,.,i IV,, | (5.3V) K«fe*-3Tlr>*j«T?* 
5. 

[0 0 6 0] '©<£ 5 n*:«JE§g£I5lS§l00 tt 

H 1 CS^n/cHIStfil 1 lC*WS«ffi56*EB100 tffl 
«©»jf^^b, B 2 CSS tlft J: 5ft*f ff V„ - «( 

30 V ?®m21 <D5£M&lkt£>2>&%ll"<)l,V 

.iA^7>7'U^^Vc l ckO'b#fcfi<^:-5J:5frLfc 

[0 0 6 1 ] 5SS6«fiJ5. «TfcC 5 Tf* 

7fC^liT, 200 «m«!imjEVcc $:§ttTlg»jb> ft© 
S^«ffV,, (C©HJ6«»JT«-1. 5V) ?rmiiai^y- 
h*200atrib*-r-5lHl?§T, ' ©mJE^^|El?S200 A«04 

^230a~230dlCcfc D ^ 5>^lel!&230 d««j«snTt»fc 
A*, c:©^ifi#iJ5Ttti7'7>yiHlS§240 AiSJEbli^y- 
K 2 00a t WtmmEE. J - K 200c t <D PQ fr S tlfe n ^ * 
*;UMOS h^>i>^^240a (BSffittJEV,,, (0.6 
V) ) ch, >6«ffijlS241b43J:^241ctA^^:5aip^BE 
»4lil?§241 £A>e>«j£$n, dOSfp«flE^^[5iK24 
1 A^ttS^^n^V,.,, (-2.4V) Hpft^MOS 
K5>^X^240a©y- htSlcA^j^n, 5=>y-fV 
^;UVei*«V,.,,-V,,, (-3.0V) fC**oTt»S 
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OS h 5>^X*210i (W««jEV 12 , (0.6V) ) ©y 

(-1. 7v> ^A^j^n, *»U" , <juv,,K:*^*»f€m 

fl:Vrirt*V,.i«-V,,, (-2. 3V) Cfti^T^SjST 
[0 0 6 2] £<D«fc3K*jSSft&*BE5S£EIIB200 H 

;uv t , w v y-JwWt t J: o fe^rlciS < <fc 5 \z 
[0 0 6 3] 5tJg0iJ6. KTk:c:o«w©*««iA»6 

*Jfi«5fc*snfc«E5B*lHl»100 *«t«200 Sr^b 
fcDRAM (Dynamic Random Access Memory) fct^HT, IS) 
8»C»^TKWT*. H8fc*V*T, 100 ttBl. 0 
3 43cfcZ/06 lZ7F:-£tirzJ:5tl:Z:<DmyilZ3$nZ&nfc 
V rt &tiit)-rz>mi£9£±iB}&. 200 ttB4*«fctfH7K: 

%&mnJ£%3i\Blf&T&2>. 300l£*a*>&a>a97F 
UXX hD-T'fl^ext/RAS SrSttTftgRn^Z h* ]/X 
X hn — y{f-^/RAS5:£ti^-r-5/RAS;N*-y 77, 310 \ZZ 
<D/MS;^yy7&Z><DftffinyT KU-XX hu-^flf 
/RAS^«t^gP^e.©T K^flUJA, /RASA? 
L !/^;Mc£*>T#3£7 Fl/X«-^A, *P"?7Kl/ 
X£t,T3X>3)i#-RA, . /RA, Srffl^-r^ff 7 K UXA'y 
77 , 320 ttfTT Kl/7,A'-i/7r310 *f>OD<77KI/ 
XRA, . /RA, dWD'TT FU-XRA, . /RA, KlS 

330 ttiBSflE§££lE]!&100 *»6©il5«EV, f 
TKj^L-, *t7 Fl/XA*->:7 7310 &t><DnV7 Fl/X 
RA, ./RA, ©— «*g»t, unKjSDfc?- FiMBlbffi 

^•rx, ^aj^r^Rx-y-x^p-^ 340 W7KI/xa* 

y 7r310 A^OP^7 FU-XRA, , /RA, ©— g&£§: 

[0 0 6 4] 350 «ff 7°UxP-^320 #"=>©fT7'Jx 
n-F«#X, . RX-y-7*xn-y330 jfcS©?— K«HB 
!b«#RX. *5.fc?>*7*n^7jl»?lHlg§340 is*t><n-?uy>t t 

«ewL * mnm v, , tc a 5 ± -5 fj 5* 3 - y * «t # 7 - 

H>*7-|VtT**. 360 tt»b©37A7KI/77, 
hP-7*ft^ext/CAS ^S^tTF^gBn 7A7 F U-XX F 
o-7*©#/CAS*m*T«/CASAy7 7, 370 \tZ(0/C 
ASAy 7 7370 ^^co^gPP^AT' FUXX hP-7"fl 
#/CAS43 <£ <=> © 7 F 1/ X ft -*§- A, * § tt, /CAS 

**Ll^Jl/K:£ST/i*5i:7Fl'X«*tA i £P^A7 
Kl^fcLTWO&iWa; ,/CA. ^tt577T^JiJ7 HUT. 
A777, 380 te?iJ7 FU"XA*y:7 7 370 i^OP7A 5i 
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7FUXCA, ,/CA, *SW\ £©ZJ 5A7 F UXCA, ,/ 

ca, ic^D^yijyjyp- h'ft-^Y, zttijj-rzm-Jv 
f^-^ 390 ^©^'Jxp-^sso ^©^jyu 
f p- Kfflf y, ^ntcjec^p^Aii^iii© 

[0 0 6 5] 400 tt*jRO^^U-fe;U**THJyi7^tt 
fcKBSnfe^^EU-fe^T^-f. 410 ttftlfy n»c 

i;^tfy hMM* i /o*»K:SE«-r*fc»© 1 /oy 
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